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ISOLATION OF FISSION FRAGMISNT RADIOACTIVE
ELEMENTS BY EXI'RACTION

N.E,Brezhneva, G.V.Korpusov, E.l.Patrusheva,
N.P.Prokhorova, Ju.S.,Krylov

During the period elapsed since the Second Geneva Con-
ference long-lived radioactive fission products, such as SrL ,
Pm,“”, CQ,M, (/,‘“ have been increasingly needed. As a result of
this, the necessity of creating very simple technological
schemes for separsting radioactive ficsion fragment elements
grew sharply.

At present, when great quantities of radioactive isotopes
are separated an increasingly greater part is played by extrac-
tion methods.

Only ten years ago the extraction essentially by organic
solvents found application only for separating uraniim and
plutonium from fission fragnent elements and for thi separation
of the former. Ln some cases the applicstion of organic sol-
vents was recommended only for separsting ceriun (IV). But
already at the Second Geneva Conferencs the combined extrac-
tion-deposition scheme for separating radioactive fragment
elements was reported by the USSR. A little later (Copenhagen,
1961) the USA also published an extraction scheme for sepa-
rating fragments. They showed the possibility of the isolation
by on extraction of alkaline-earth elements.

The data published on regularities of extraction distribu-
tion of elements allow the possibility of creating combined -
extraction technological scheme for separating all fragment
elements radiochemically and chemically pure to be supposed.

The present report deals with the fundamental questions
-f extraction isolation of long - lived 5'7, -90, Cc/—’llm,

S =7, bu =155,

1. Fundamental Regularities of Extraction Isolation of
Some Fragment Elements.

The above mentioned four principal long-lived redioactive

isotopes: strontium, cerium, promethiws and europium represent
25 YEAR RE-REVIEW
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two groups of elements: alkaline - earths and rare - earths;
Teking into account that cerium and europium may be changed
into the oxidation and reduction state respectively all the
extraction processes considered later can be divided into
four groups.

1. Extraction of tetravalent cerium

2. Extraction of trivalent rare-earth elements (REE)

3. Extraction of bivalent europium

4, Extraction separation of alkaline-earth elements to

produce strontium

A. Extraction Isolation of Cerium - 144,

The extraction method of cerium isolation, like all the
other known methods of its isolation, is associated with the
preliminary changing of cerium into the tetravalent state.
Oxidants, such as K B0y KMn Oy K(COs .A/ﬂ'5d03)ozone, as
well as electrolytic method of oxidation may be used to oxidize
ceriun. In contrast to trivalent rare-earth elements, tetra-
valent cerium is extracted by a great number of oxygen - con-
taining organic solvents having high distribution coefficients,
and therefore, can easily be separated from other rare-earths.

At present, tribytilphosphate and di - (2 - ethylhexyl)
orthophosphoric acid are mostly used for cerium extraction
isolation.

1. Fundamental Regularities of Extraction Distribution

of Cerium (IV) and Impurities Accompanying

a) Cerium extraction by TBP.
The reaction of cerium (IV) recovery by TBP from nitrate
solutions may be represented, in a general way, as follows:

(" + 405, + (H*+NVO), + TBR 2= Hn [ G(~0s), |28

where 11 £ 2 in accordance with the cerium coordination number
equal to 6. From this equation one can see that depending on the
nitric acid concentration in aqueous phase cerium (IV) may be
extracted either in the nitrate form or, at higher acidity, in
the form of complex acids.

The distribution coefficients for tracer amounts of
cerium (IV) are shown in Fig.1.
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When the inltial concentration of cerium (IV) in aqueous
rhase is increased to 5-10 g/l it is extracted by TBP practi-
cally completely ( (/)&(IV) 350) over a very wide range of
nitric acid concentrations.,

Both by the method of saturating TBP with cerium nitrate
solution and by physical and chemical methods cerium (IV)
has been found to pass into the organic phase as a dibasic
complex acid with two TBP molecules as distinct from trivalent
rare-earth elements being extracted with three TBP molecules.
Utilizing this phenomenon one can considerably simplify the
process of cerium (IV) extraction by diluted TBP since in
this case cerium distribution coefficients decrease according
t~ the quadratic law as cerium (IV) concentration decreases

while those of trivalent REE decrease in accordance with
the cubic law. To dilute TBP diluents are used, such as car-
bon tetrachloride, toluene, xylene, various kerosene fractions,
etc., However, when using kerosene as a diluent at high cerium
concentrations the organic phase divides into two phase of
different composition. In the case of employing other diluents
no such complications arise.

As cerium is extracted by TBP by some orders higher than
trivalent rare-earth elements under the same condiiions, it
displaces from the organic phase. Thus, for exaumple,
europiun distribution coefficients in 4 M H./\/O_:, decrease from
0.50 to 0.03 when the organic phase is saturated with cerium
(IV). Therefore, to increase the degree of purification at
isolating cerium (IV) by the undiluted TBP ceriwm concentrated
solutions (250 - 300 g/1) should be used. The above relates
only to isolation of large quantities of stable cerium.

Experinental data make it possible to conclude that it is
most reasonalble to carry out cerium isolation at nitric acid
concentration equal to 4 - 5 M/1; by TBP, preliminary distilled
or, at least, trcvated by some oxident.

On extracting cerium by 100% TBP from 4 M nitric acid, in
the process of a single extraction, the ratio of volumes of
organic and aqueous phases A being equal to O.2, 98% of
cerium pass into the organic phace, while only 10% of rare—earths
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accompanying cerium puss into that phase. Therefore, additional
washing of the extract is required to purify cerium. On using
diluted, e.g. 50% TBP, notwithstanding, the cerium yield wp
to 90%, only 1% of concomitant rare-earths contaminating
cerium pass into the organic phase, i.e. in this case the
conditioned product is obtained as a result of a single
extraction:

b) Cerium (IV) Extraction by ol - (2 - ethylhexyl) -

orthophosphoric Acid

Cerium (IV) extraction by proceeds mainly at the expense
of cationic exchange between a cerium ion and acidic hydrogen
of the extractant, i.e. the reaction takes place

a o+ (Hehz) g 2= [M(HA) o+ 0 HA

where H. t. is the extractant dimer molecule.

This extraction mechanism is valid at low nitric acid con-
centrations in aqueous phase. When extracting from highly acid
solutions the passing of the compound being extracted into the
organic phase is brought about by means of its sclvation by
extractant molecules at the expense of phosphorylic oxygen. In
accordance with the extraction mechanisms shown cerium (Iv)
distribution coefficients decrease as the nitric acid concentra-
tion in aqueous phase increases; while the rise of distribution
coefficients is to be observed over the range of high acidity.

To oxidize cerium, ozone, KMnOy, K3y 0y were used. Cerium
oxidation by potassium bromate and ozone was performed in 7-8 M
nitric acid as in more dilute solutions cerium oxidizes in-
completely due to the decrease of the oxidizing potential of
potassium bromate and ozone.

Employing potassium permanganate as an oxidant is complicat-
ed by the fact that during cerium oxidation manganeze (IV) nay
foru which, being readily extracted is able to contaminate
ceriun in organic phase, To free cerium from manganeze the
organic phase is washed by the citric acid solution, which re~
duce manganeze to the divalent state. To reduce manganeze (IV)
oxsalic acid may also be used.

In contrast to tetravalent cerium trivalent rare-earth

£12

B Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110035-1



Approved For Release 2009/08/26 : CIA-RDP88-0904ROOO1001 10035-1

5.
(fig.2
elementsyhre extracted by HDEHP with very low distribution
coefficients over ths entire range of nitric acid concentra-
tions except for the region of low acidity.

Hence, it is most advisable to extract cerium at the
nitric acid concentration in aqueous phase equal to 2 M or
higher since over this range of acidity the distribution coef-
ficients of rare-earths are very low, while those of cerium (IV)
are high.

As cerium (IV) concentration in organic phase is increased
trivalent rare-—earth elements are displaced since their dis-
tribution coefficients decrease at the increase of cerium con-
centration in organic phase.

To separate cerium (IV) one may use both HREHP contain
ing no impurities and HR¥&HP  containing HM &HP and

H®PEHPP . In the latter case the distribution coefficients
have higher values. Since the above impurities, present in the
extractant, are first of all associated with cerium the distri-
bution coefficients of trivalent rare-earth elements are practi-
cally not affected by them.

B. Ixtraction of Trivalent Rare-Earth Elements.

Rare-earth fission products constitute 56% of all fraguent
elements, Separation of rare-earth elements, with uie aim of the
extraction of chemically and radiochemically pure Mm =147 and
’&u -155, is a difficult problem because of the similarity of
their chemical properties. All methods of separation of rare-
earth elements as well as extraction methods are based on the
difference in stability of complex compounds of rare-earth
elements, their hydrates or solvates.

The maximum difference in stability constants of various
compounds of two neighbouring rare-earth elements equals, on
the average, to 2-3, which corresponds also to the difference
of 2 - 3 times in the distribution coefficients.

Under specific conditions, this value may be somewhat in-
creased but not more than two times, by performing the separa-
tion in the two-phase system, if the order of increasing the
distribution coefficients is reversed, which, for example, is
obszrved in the inversion range of distribution coefficient
valie at the extraction by TBP. The strength of the bond of
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rare-earth elements with the extractant increases from lantha-
nun to lutecium. The strength of hydrates of rare—earth ele—
ments also increases in the same order. At the extraction by
TBP, the two phenomena compete with each other; by virtue of
this fact, ;he order of the change of the values of distri-
bution coefficients will correspond to the prevelling process.
The inversion phenomenon is of general character. It has been
observed on extracting by organic compounds of many classes:
by neutral organo-phosphor compounds, carboxylic acids, etc..
On extracting by solvents the bond strength of their solvates
with rare-earth elements increases the inversion range with
respect the acid concentration, salting out agent, etc..) di-
ninishes.

Of several hundred extractants, tested by us, for Sepa-
rating and concentrating of rare-earth elements neutral and
acid organo-phosphor compounds find the widest application,
among them commencially prouduced: TBP, Di - isoamyl methyl
phosphonate, 0@-2 (ethylhexyl) orthophosphoric acid, as
well as aliphatic caroboxylic acids (fraction 07 - 09) are
very cheap.

I. General Regularities of the Distribution of Rare-Earth
Element)at Extracting by Organo~Phosphor Compounds

a) Neutral Extractants. The bresence of grouping p = o
is characteristic of all these extractants. Extraction proceeds
at the expense of the formation of bonds between phosphoryl
oxygen and metal or hydrcgen of complex acid of rare-earth
elements.,

At low and moderate acidity compounds M (#03)s * 35
are extracted ( .S - an extractant molecule); at high acidity
rare-earth elements in organic phase are present as complex
acids, of a limiting composition Hj M(A/Q&)e 35

At the extraction by TBP the highest distribution coeffici-
ents are 1.8 - 2 for highly acidic solutions. Although TBP is
characterized by smaller distribution coefficients than, for
example, dialkylphosphoric acids, it has the advantage over them
in that the distribution coefficients of fragment rare-earth
elements (i.e. elements of cerium group) depend little on their

12
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concentration over a wide range. It is very important since
after concentration, which, as a rule, precedes separation, the
concentration of rare-~earth elements may amount to 40 ~ 50 g/l

Similar results are obtained at the extraction by QAMP
for which there are somewhat higher distribution coefficients
and somewhat lower distribution factors (Fig.5).

The following systems may be proposed for concentrating
fragment rare-earths elements: TBP or “Pi A MP , a salting
out agent in weak-acid solution, phosphin oxide is a slightly
acid solution of rare-—earth elements,

b) Acid Organo-Phosphor Compounds (dialkylphosphoric acids)

The mexcimum difference in distribution coefficients of
rare-earth elements amounts to 2,5 -~ 2.7.

Monoalkylphosphoric acids give much higher values of dis-
tribution coefficients, the distribution factors of lower cerium
elements, however are immeasurably lower at the extraction by
these compounds.

Organo-phosphor acids may be recommended to separate
tracer amounts of rare-earth elements and to concentrate them.

c) Application of Complexing Agents

Under the conditions where inversion occurs or rare~earth
elements are extracted practically with no separation, to secure
maximum selectivity such complexing agents may be introduced
into the extraction system which both them selves and their com-
pounds with rare-earth elements are soluble only in aqueous solu-
tion.

In our work we selected such complexing agents which ensure
the maxdimum difference in stability constants of compounds with
rare-earth elements.

Under the conditions of inversion the heavier rare-earth
elements are extracted worse than the lighter ones; the former
in aqueous phase making complexes more readily. As a result of
imposing these phenomena the maximum difference in the behaviour
of rare-earth elements is attained. Lesser difference is obser-
ved at extraction under the conditions where rare-earth elements
in the absence of any complexing agent, are extracted practical-
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ly without separation (Wig.4).

Thus, for example, the extraction of rare-earth elements
in the system: nitrylotriacetic acid - carboxylic acid (poorly
selective extractant), resulted in the following distribution
factors for each pair: ﬁaa//Ce -6 Ce/Prz, -3, '/‘/d/p’Z =é2.

In practice to effect the extraction process of separating
fragnent rare-~earth elements these processes should be reduced
to two limiting cases; the calculation as well as bringing about
an extraction process on multiple-stage installations being con-—
giderably simpler.

In the former case, for example, at the TBP extraction the
distribution coefficients of rare-earth fragments (c/\/o/, pr,CL/”y)
are little changed at increasing their concentration up to
50-100 g/1; their distribution proceeds independently.

In the latter case, for example, when using acid extrac-
tants or introducing complexing reagents, one should work at
the complete saturation of one of the phases, Then the process
of extraction separation is based on the mutual displacing of
elements, more or less constunt values of separation being
retained.

C. Extraction Separation of Divalent Europium

Almost all methods of europium separation are based on its
reduction to divalent state or to a metal. In the former case
europium is pr'ecipitated or co—precipitated as sulphate, in the
latter case the separation is carried out by the formation of
an amalgan. Recently, the europium separation is effected by
extracting, also after preliminary europium reduction to the
divalent state. The europium reduction to the divalent state
was effected by zinc dust, amalgamated zinc or at the mercury
cathode.

As the europium oxidation-reduction potential +3/+2 has a
low value (0.43V) it is readily oxidized by atmospheric oxygen.
Therefore during carrying out the process of europium separation
one should create inert atmosphere or take other precautions
as well.

The extraction separation of trivalent rare-earth elements
was brought about either by means of acid extractants (e.g., by
Di- Jgethylhexyl) rhosphoric acid in chloride medium) or by neut-

(

<n n)

y
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ral alkylphosphoric extractants (e.g., by phosphonates or
triphosphoxides in nitrate medium).

D. Strontium Separation

At present extraction methods of separation are applicable
practically to all metals of the Periodic System, the greatest
difficulties being encountered for alkaline-earth and alkaline
groups of metals., The most serious work on separating alkaline -
earth elements aiming at obtaining pure strontium - 90 was
reported in Copenhagen in 1960,

We tested a great number of various compexing agents and
extractants for the separation of alkaline-earth elements. The
most suitable system, in our opinion, has turned out to be the
solution of salicylaldoxime in TBP ammonia - aqueous solution
of alkaline-earth elements.

Salicylaldoxime (SAO) possesses the sarie active groupings

> tH=NOH
OH like oxyquinoline derivatives.
The distribution coefficients of salicylaldoxime itself axe
changed negligibly at the }0/“/ change from 0 to 12 and have the
value far greater than 80.

The distribution coefficients of alkaline-eri:: c¢lements
have rathe: high values only when orge .ic compounds, such as
TBP, DAMP , and the like, are used as diluentd.

Equilibrium is reached within several minutes; the reaction
of forming the complex being extracted is reversible.

When changing the concentration of a complexing agent the
distribution coefficients of Ca, Sr, Ba are practically changed
proportionally to the concentration change of SAO, which in-
directly points out to the salicylaldoxime dimerization in orga-
nic phase. In Figs 5 and 6, are shown data on the dependence of
distribution coefficients of alkaline-earth elements upon the
concentration of alkali, ammonia and alkaline-earth metals
themselves. The values of the distribution coefficient for
calcim-strontium and strontium~barium pairs, the ammonia
cons -.iration being O.1N - 2N NH;, OF , are, on the average,
80- - :nd 2-3 respectively. At the above value of the distri-
but-. . :oefficient, the process of separating calcium from

310
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strontium is not very difficult and may be effected either as
a periodic process or at the countercurrent extraction instal-
lation at the minimum number of stages.

2. Extraction Installations

Practical bringing about of extraction processes of radio-
active isotope separation may be accomplished by various methods
In case of europium, strontium and cerium separation the extrac-
tion process i$§ quite easily effected periodically. When sepa-
rating trivalent rare-earth elements, with the aim of obtaining
a concentrate of soft beta, gamma-radiators ( Eu —155,Pm—147)
one should use multiple—stage extraction installations adapted
for distance control.

To separate rare-earth elements extractors mainly of two
types, i.e. countercurrent and semicountercurrent, are used.

Both types of extractors used by us are mixer-settlers.

As the extraction installations are intended for distance
operation mixing up has turned out to be effected more con-
veniently by the air blowing or vibration method.

In both cases the suction of phases is carried out simulta-
neously with the mixing up.

The description and schemes of two extraction installations
of countercurrent and semicountercurrent types with air blowing
are given later. Both installations are adapted for distance
operation and for the maximum volume reduction the cells are of
tubular construction. Both installations are assembled of stan-
dard interchangeable sections.

The cell construction employed by us has the fYollowing
features: to raise specific efficiency the sediment zone has
the form of a horizontal tube changing to the vertical separator
the separator ensures the partition of both streams and has a
water seal at the verflow of the heavy phase securing the
stable position of the interface of phases over the given range
of the change of specific weights.

The scheme of one cell is shown in Fig. 7. The effeciency
of the installation is rated at 20-30 litres per hour according
to the sum of the streams and allows the change of the stream
ratio from 1/10 to 10/1. Air consumption is about 150 e/h per
cell. To stabilize air consumption and the operation of the
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whole installation, on each cell throttle washers are placed
having a special device to prevent their soiling. The cell
efficiency is close to 100%. The total number of cells is
equal to 30, which fully ensures the production of pure prome-~
thium.

Semicountercurrent extractor consists of separate cellsj
one phase in each cell is stationary, the other passes successi-
vely through all the cells, effecting the separation of the
nixture of components preliminary introduced into a few first
cells. The semicountercurrent installation of 50 cells is also
intended for distance control, The scheme of the construction
of one cell is shown in Fig.8. The sedimentation chamber of the
cell (5) is made in the form of a flat disk with the spiral
passage of emulsion. The emulsion circulation through settlers
as well as along the inner contours is brought about from one
complex aerolift. The cell ensures the stable operation at
efficiency (according to the eight phase) equal to 7 working
volumes of the cell and at the phase ratio in emulsion equal
to 1/10. Special safety devices are provided in the cells,
these secure an automatic switching off of any cell that stopped
operating.

3. Technological Process of Separation of Long-Lived

Fragment Elements

The initial solution to be separated is a nitrate concentra
te of fragment elements containing corrosion products and im-
purities introduced into the solution from reagents.

The first operation, the concentration of strontium and
rare~earth elements is performed most reliably by means of
oxalate coprecipitation of rare-earth and alkaline-earth
elements,

Obtained in this wey the nitrate solution of rare-earth
elements and strontium after the destruction of oxalic acid,
practically contains no iron, chromium and a number of other
radiocactive and stable impurities.

The total content of rare-earth elements in the final
solution reaches 5-10 g/ﬂ while the solution radiocactivity
depends on the ageing of the product taken for processing.

Strontium - 90, cerium - 144, promethium-147 and euro-
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pium-155, individually, are most reliably and simply separated
by extraction methods.

The first stage is the separation of radioactive cerium.
The separation is carried out in two ways: (a) cerium is oxidiz-
ed in ?~-8 N /’//\/05, by ozone or bromate and extracted by
0.5 N HDEH P solution or 50% TBP; (b) the sum of rare-earths
is extracted by HOEHP  out of the weak-acid or buffer so-
lution, then the organic phase is washed by the oxidant solu-
tion in nitric acid, pure cerium remaining in organic phase
and trivalent rare-earth elements with no cerium remaining in
aqueous phase. When the ratios of the volumes of initial solu-—
tion, extractant and washing solutions have been chosen proper-
ly it is rather easy to effect practically pure separation of
the initial concentrate of the radioisotopes into three frac-
tions pure radioactive cerium-144, the strontium-90 concentrate
and promethium concentrate of rare-earth elements with no cerium,

In all cases pure strontium~90 was obtained after cerium
isolation and separation of rare-earth elements. The main impu~
rities from which strontium should be separated are calcium,
which may be 20-30 times the weight of strontium, and also
barium and lead.

Calcium disposal is produced by the extraction with 1-2 M
calicylaldoxime solution in tributylphosphate from about 1 M
ammonia solution of alkaline rare-earths, For example 99% of Ca
are extracted and > 85% of strontium are left even by simple
periodic extraction successively by three equal volumes of 2 M
solution of SAO and TBP from aqueous solution of 1 M calculating
on NHL/NO;t, and J/a IV03 and containing O.4 M Ca(vi/U})L
and 0.005 i Sp/(W0y), .

Pure promethium-147 is produced in an ordinary way, by TBP
extraction either on the countercurrent installation only or by
combination of countercurrent and semicountercount processes,

The radioactive europium separation is most easily effected
also by extraction after its preliminary reduction with zinc
dust or with amalgamated zinc in chloride medium.
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Conclusions

1. In this report are presented the results of studying
the main regularities of the extraction isolation of a number
of long lived fragment elements,

2, The investigation of cerium extraction and micro~ and
macrocomponents in solution has shown the possibility of prac-
ticaly complete cerium separation from oxidized solution by
a) TBP both diluted and indiluted b) HRAEHP from 2 M so-
lution on the nitric acid. The presence of M - 2 = EHPA
and D = 2 - £ HPPA has not been shown to affect the
course of the process,

3+ The perspective of employing a nunber of extractants
for separating trivalent rare-earth elements have been shown.

The best results have been obtained for tributylphosphate
diisoamyl methyl phosphonate, HOEHP and for carboxylic
acids (fraction 07 - (;'9) as well.

4, The advisability of using complexing agents in the
systems where inversion occurs has been shown.

5. To extract europium it has been recommended to reduce
it Yo the di-valent state with the subsequent extraction se-~
paration,

©. The distribution of alkaline earth elements has been
studied in the system: the salicylaldoxime solution in TBP -
aqueous ammonia solution of alkaline earth elements,

7+ The perspectivity of using SAO to separate and produce
radio- and chemically~pure strontium~90 has been shown.

8, The extraction installation operating on the principle
of semicountercurrent and countercurrent, used in the course of
work, has been described.

9. All-extraction scheme for extracting principal long-
lived fragment elements has been recommended.
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Subscripts to Pictures

Cerium (IV) distribution between nitric acid and TBP.
Cerium (IN) distribution between nitric acid and 0.33 M
HOEHP solution.

The dependence of distribution coefficients of tracer
quantities of europium, promethium, praseodymium and
cerium on nitric acid concentration at the extraction
by DiAMP

The distribution of tracer amounts of rare-earth
elements between TBP and 6 N NHy OH in the pre-
sence of the excess of ethylenediaminetetraacetic acid
depending on the pH of aqueous phase.

The dependence of (a, SW, Ba  aistrivution coet-
ficients on the WNHy OH concentration at the
extraction by 1 M SAO in TBP.

The dependence of Ca., Sl, Ba distribution coefficients
on Wa 0H concentration at the extraction by 1 M
SAO in TBP.

The scheme of the countercurrent extraction cell with
air stirring.

The scheme of the semicountercurrent extraction cell
with air stirring.
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